The purinergic P2X 7 -receptors and tumor necrosis factor-alpha (TNF-α) may play important roles in the development of pulmonary tuberculosis (PTB). Genetic contribution of the host is among the most important factors that plays a significant role in the susceptibility of the disease. In this regard, both genes for P2X 7 receptor and TNF-α have been identified as essential components of the host immune response in the containment of TB. However, the relationship between P2X 7 and TNF-α polymorphism and TB susceptibility remains inconclusive. Objectives: This study was designed to investigate the association of P2X 7 and TNF-α gene polymorphisms among Iranian PTB patients.
Background
Mycobacterium tuberculosis (M. tuberculosis) is an intracellular pathogen that has developed several mechanisms to survive and multiply inside macrophages (1) . Generally, the interaction between macrophages and M. tuberculosis has given rise to a cytokine profile that is dominated by tumor necrosis factor-alpha (TNF-α) dependent or independent pathways (2, 3) . TNF-α is an important inflammatory mediator and its production is controlled by a gene located in the class III of the MHC region (4) . TNF-α is present at sites of active M. tuberculosis infection in humans, regardless of the stage of mycobacterial infection (5) . Recently, researchers have shown that extracellular adenosine triphosphate (ATP) induce macrophage bactericidal activity through TNF-α independent pathway, i.e. activation of cell surface P2X 7 receptor (5, 6) . P2X 7 receptor is encoded by the P2RX 7 gene (purinergic receptor P2X, ligand-gated ion channel 7 and belongs to P2X receptor family (7, 8) ). P2X 7 receptor is present on the cells of immune and hempoietic systems. It has been reported that pro-inflammatory cytokines like IL-2, IL-6 and TNF-α up regulate the expression of P2X 7 receptor (9, 10), but to date no apparent correlation between the level of P2X 7 receptor expression and clinical parameters has been documented. Both P2RX 7 and TNF-α genes are polymorphic and several single nucleotide polymorphisms (SNPs) have been identified within them (11) (12) (13) (14) (15) . Of these, few have been shown to be associated with susceptibility to tuberculosis. For example, SNP at 1513 A to C (rs3751143) abolishes the P2X 7 mediated apoptosis of infected macrophages and favors the growth of pathogen (15) . Another SNP at the -762 promoter region (T to C) has been shown to be protective against tuberculosis in the Gambian population (16) . Similarly, the polymorphisms in the TNF-α gene have been associated with susceptibility to tuberculosis in different ethnic groups (9, 17, 18) , but the results have been inconclusive. The aim of this study was to investigate the correlation of polymorphisms in P2X 7 genes (1513 and -762) and TNF-α (at -238, -308, -244, -857, -863) in Iranian pulmonary tuberculosis (PTB) patients. Furthermore, the combined polymorphisms (haplotype/ diplotype) of these genes were assessed and compared.
Objectives
This study was designed to investigate the association of P2X 7 and TNF-α gene polymorphisms among Iranian PTB patients.
Materials and Methods

Data collection
The study included 80 smear and culture positive TB patients that were referred to the Iranian National Reference TB Laboratory from December 2011 to December 2012 for diagnosis and treatment. Additionally, fifty healthy individuals were studied as controls. Control subject were selected from TB personal (clinical and laboratory) who had positive tuberculin tests (10 -15 mm) and showed no sign of disease (laboratory, radiological and clinical parameter). The Institutional Review Board at the National Research Institute of Tuberculosis and Lung Diseases (NRITLD) approved the study and all the patients signed an informed consent. Patient and control subjects were matched for age, gender, race and nationality.
DNA Isolation
Genomic DNA was extracted using the standard protocol with slight modifications (12, 19) . Briefly, peripheral blood leukocytes (PBLs) were separated from two milliliters of the whole blood using RBC lysis buffer (0.155 M NH 4 Cl, 0.01 M NaHCO 3 ). Thereafter, PBLs was re-suspended in 500 µL of SE buffer (NaCl 3M, EDTA 0.5M, PH = 8), containing 40 µL of 10% SDS and 3 µL of 20 mg/mL of proteinase K. The suspension was incubated at 600°C for 30 minutes. After incubation, 200 µL of equilibrated phenol (PH = 8) was added to the mixture and centrifuged for 10 minutes at 12000 g. The aqueous phase was transferred to a new tube and the DNA was precipitated using cold propanol (19) .
TNF-α Genotyping
TNF-α gene polymorphisms were studied using PCR-RFLP. For TNF -308 polymorphisms, the following primers were used to amplify a 107 bp product: 5' AGC AAT AGG TGG TTT TGA CTC GGGC CCAT-3'; 5'TCC TCC CTG CTC CGA TTC CG-3'. For -238 and -244 polymorphisms, the following primers were used to amplify a 230 bp product: 5'CCT CAA GGA CTC CAA AGC TTT CTG -3'; 5'ACA CTC CCC ATC CTC CCA GATC -3'. For -857 polymorphisms, the following primers were used to amplify a 127 bp product: 5' GGC TCT GAG GAA TGG GTT AC-3'; 5'CCT CTA CAT GGC CCT GTC TAC-3'. The amplification was accomplished by an initial denaturation at 94°C for 5 minutes, and 30 cycles at 94°C for 40 seconds, at 56°C for 40 seconds, at 72°C for 1 minute, followed by an extension at 72°C for 6 minutes (20, 21).
PCR-RFLP of TNF-α
PCR products of TNF -238, -244, TNF -308 and TNF -857 were digested with 2 U enzymes of BgI II, Bsaj I, NcoI, TaiI and TaiI, respectively. Digested products were run on 8% polyacrylamide gel, and were stained with silver-nitrate (12, (20) (21) (22) .
P2X 7 Genotyping
P2X 7 gene polymorphism was studied using allelespecific PCR and PCR-RFLP. For P2X 7 gene polymorphisms at -762, two outer primers [P2X73 (5'-GAA ACAGGGCCCTGGGTCCTC-3', forward) and P2X74 (5'-TG-GTGGGGGTGGAGGGGC-3', reverse)] and two inner primers [P2X75 (5'-GGTGTCCCTCACTGAATAGGTCAAT-3', forward and P2X76 (5'-GGCAGTCCAACAAAGTTAGGTTTG-3', reverse)] were used. For the -762°C allele, a 235 bp fragment was amplified using the outer forward (P2X73) and inner reverse (P2X76) primers. For the -762 T allele, a 186 bp fragment was amplified using the inner forward (P2X75) and outer reverse (P2X74) primers (6, 18) . The amplification was accomplished by an initial denaturation at 94°C for 5 minutes and 30 cycles at 95°C for 30 seconds, at 65°C for 30 seconds, at 72°C for 45 seconds, followed by an extension at 72°C for 10 minutes. The amplified PCR products for CC, CT and TT had the following sizes 235 bp, 186+235 bp and 186 bp, respectively ( Figure 1 ). For P2X 7 gene polymorphisms at 1513, the primers 5′ACTCCTAG-ATCCAGGGATAGCC3′ and 5′TACAGACGTGA GCCACGGT 3′ were used to amplify the 417 bp product (6, 18) . The PCR product was digested with 4U enzyme of Hae II. The digested PCR products were run on 8% polyacrylamide gel, which was stained with ethidium bromide. 
Statistical Analysis
The frequency of the genotypes in patients and control groups were estimated by direct gene counting and then the data was analyzed using SPSS version 11 (SPSS Inc., Chicago, IL, USA). The odds ratio and P values were calculated for each allele in patient and control groups. All P values were two tailed. A P value of less than < 0.05 was considered significant with 95% confidence interval (CI).
Results
Allele Frequencies of P2X 7 Gene Polymorphisms
Each of -762 and 1513 P2X 7 polymorphisms showed three types of patterns; frequent homozygote allele (wild type), infrequent heterozygote and infrequent homozygote alleles (mutant type). For the 1513 loci, the heterozygosity (A/C) was higher in patients (35; 44.3%) than controls: (12; 24%) and the difference was statistically significant [(P = 0.026) ORS; 2.45 CI95 % (1.13 -5.33)]. In contrast, the frequency of wild type (A/A; 74.0% versus 53.1%) was significantly higher in control cases [(P = 0.026) ORS; 0.40 CI95% (0.19 -0.87)]. However, in both studied groups, the frequency of A allele in 1513 gene polymorphisms was higher than its corresponding mutant types. For the -762 loci, 94.0% of patients had heterozygote mutant alleles (T/C variants) and 6.0% had infrequent homozygote alleles (C/C). No individual carried the wild type (T/T) at -762 in the control group. In general, the frequency of T/C and C/C mutant alleles between patients and controls was not statistically significant. Among patients, two cases (2.5%) showed T/T variables ( Table 1 ).
Allele Frequencies of TNF-α Gene Polymorphisms
The results presented in Table 1 , show four types of polymorphisms in the TNF-α gene, an A to G substitution at position -238, a G to A substitution at position -308, a G to A substitution at position-244, and a C to T substitution at position -857. No statistical difference was observed in the allele frequencies of TNF -308 G/A and TNF -857 C/T in control and TB cases. The TNF-α -857 T allele was greater in TB controls (50.5%) than patients (44%) but the differences were not statistically significant. The homozygote mutant alleles for TNF -238 (G/G) were significantly higher in control cases (66.0%) than patients (11.3%) (P = 0.000) [ORs: 0.07 (0.02 -0.17). In contrast, the frequency of -238 A allele was higher in TB cases (72.1%) than control subjects (30%) (P = 0.000) [ORs: 5.85 (2.70 -12.64). No individual was found with mutant allele at TNF-α 244 positions.
Haplotypes Analysis of P2X 7 and TNF-Α Gene Polymorphisms
In both groups, the most frequent haplotypes of P2X 7 genes (-762 & 1513) was CA (50.4%) and TA (29.1%). The other haplotypes CC and TC were greater in patients (5.7%: 19.0%) than controls (1.0%: 13.0%), but the differences was not statistically significant. For four TNF-α gene polymorphisms, seven haplotypes were identified. Out of which the CGGA haplotypes were more frequently seen in patients (48.7%) than controls (28.0%) and the differences was statistically significant (P = 0.001). In comparison the frequency of TGGG was higher in the controls (25%) than patients (4.4%) ( Table 2 ). The combination of TNF-α and P2X 7 gene polymorphism haplotypes gives 22 variable forms. The frequencies of TGGA-CA, and CGGA-TA were significantly more in patients (21.5%; 14.6%) than controls (2.0%; 6.0%) [ORs: 10.9 (2.94 -4.04)]; [ORs: 2.5 (1.02 -6.25)]. In comparison the haplotype frequencies of CGGG-TA, CGGG-CA, and TGGG-CA were more often seen in control subjects. The haplotype CGGA-CA (18.2%) was the most frequent among both studied groups (Table 2) . 
Diplotype Analysis of P2X 7 and TNF-α Gene Polymorphisms
Out of seven P 2 X 7 diplotypes, the CTAA & CTAC were the most frequent in both studied groups (Table 3) . Two diplotypes CCAC (7.6%) and TTAC (2.5%) were seen in patients only. For TNF-α, fifteen diplotypes were detected. The most frequent diplotypes in control groups was CC-GGGGAA (24%), CCGGGGGG (24%) and TCGGGGGG (24%). The last two diplotypes were found in very low frequencies among patients ( Table 3 ). The differences were statistically significant. One diplotype, TCGGGGAA, was seen more in patients (27.8%) than control subjects (2.0%) [ORs: 12.9 (2.36 -7.03)]. As shown in Table 3 , combination of TNF-α and P2X7, resulted in 34 variants. The CCGGGGAA-CTAA is the dominant type (14.0%) among studied groups. The diplotype CCGGGGGG-CCAA was significantly associated with susceptibility to PTB [1.9 (0.08 -48.3)]. In contrast, the diplotype TCGGGGGGCTAA was seen more in controls than patients and the differences was statistically significant (P = 0.003).
Discussion
This study was conducted to assess the rate of human P2X 7 and TNF-α gene polymorphisms among Iranian pulmonary TB cases. Genetic variability and environmental factors usually contributed to the risk of developing active tuberculosis (12, 23, 24) . For instance, the possible association between polymorphisms in P2X 7 and susceptibility to TB has gained considerable attention, during the recent years (6, 11, 14) . P2X 7 gene is highly polymorphic, and it is up-regulated by an inflammatory cytokine (9, 10) . Activation of P2X 7 receptors induces permeabilization or apoptosis in cells of immune systems (3, 11, (24) (25) (26) .
Wiley and coworkers identified four losses of function in single amino acid substitutions (27) . In 2002, Li et al. outlined the ethnic and racial differences in P2X 7 , later on, Ferrari et al. identified the first gain of P2X 7 functional polymorphism (3, 7, 24) . Based on these observations, a link between P2X 7 polymorphisms and reactivation of certain intracellular pathogens particularly MTB were proposed. We found a higher frequency of 1513 C allele in patients (46.8%) than control (26%) subject. Therefore, a higher risk of developing tuberculosis in individuals with hetero or homozygous allele of 1513 (AC; CC) was highlighted. Some studies documented the importance of the 1513 C allele with extra-pulmonary TB (27) . However, the mechanisms by which these genotypes can protect or support the pathogencity of TB have not been completely elucidated. Yet, a few investigators showed an association between 1513 C allele and loss of P2X 7 receptor function which could protect the host from pathogen by eliminating the MTB infected macrophages (3, 6, 18, 27) . Additional to 1513 polymorphism, -762 T to C allele frequency in the promoter region, can influence the degree to which the receptor is down regulated via other host or pathogen-generated inhibitory factors. In our study, -762 variant of P2X 7 was not associated with PTB among Iranian studied cases. In contrast to our study, Bahari et al. found a significant association between -762 TC and tuberculosis (28) . Overall, six main ethnic groups live in Iran; Fars, Turk, Kord, Lor, Arab, and Sistanei. In our study, patients were selected from the "Fars" ethnic group, whereas Bahari studied Sistanei patients. Additionally, the control subjects in our study were selected from individuals who were working in TB wards or TB laboratories and had had adequate exposure time for the pathogen to cause disease. The time of exposure was from five years (minimum) to 15 years (maximum). Control subjects were screened by laboratory and clinical parameters, but they were and remained negative for tuberculosis. Therefore, we believe that besides ethnic and racial differences, environmental and socio-economic conditions of the host could compromise disease development. Basically, cytokines production is effected by SNP in the promoter or coding regions of cytokine genes that directly affect the transcription and synthesis of mRNA (28, 29) . Today, it is known that the distribution and frequency of SNP or polymorphisms are variable among different ethnic groups e.g. the polymorphisms in the promoter region of -762 TC had a significant association with tuberculosis in Gambian and Indian patients, whereas the -762 TC variant was not found to be significantly associated with tuberculosis in the Chinese Han Population. Recently, Zhang et al. outlined the influence of different pro inflammatory cytokines like IL-2, IL-6 and TNF-α in up -regulation of P2X 7 synthesis (9). Later on, Franco-Martinez et al. proposed q correlation between elevated levels of TNF-α and expression of P2X 7 receptor in pulmonary tuberculosis patients (10), but they could not document any apparent clinical correlation.
As polymorphisms in TNF-α gene may affect TNF-α production, we tried to analysis the SNP at four regions of -238, -308, -244 and -857, followed by comparison of their variability with the P2X 7 polymorphisms in the same patient. Our findings showed that the SNP alone may not be associated with PTB, but the frequency of TNF-α haplotypes at 857, 308, 244 and 238 (CAGA, CGGA, TGGA, and TGGG) were significantly higher in patients than control subjects. Similarly, we found one single diplotype (TCGGGGAA) in TNF-α (857, 308, 244, 238), which was significantly associated with susceptibility to PTB ( Table 3 ). The frequency of this diplotype was 27.8% in patients versus 2% in control subjects. Likewise, the assessment of diplotype frequencies in P2X 7 gene was more reliable than SNP analysis.
Hence, we conclude that the study of single nucleotide polymorphisms is a bit of a traditional approach and for identifying the candidate genes in molecular epidemiology we need to investigate the frequency of haplotype or diplotype polymorphisms (12, 30, 31) . For examples the SNP at 857, 308 and 244 of TNF-α gene were not associated with studied TB patients, but when we combined the allele frequencies of P2X 7 and TNF-α together, 22 haplotypes and 34 diplotypes were identified. A significant association with PTB susceptibility was seen with two haplotypes namely: TGGA-CA (21.5%) and CGGA-TA (14.6%). The frequencies of these haplotypes in control subjects were very low, 2.0% and 6.0%, respectively (Table 2 and 3) . Based on this information, haplotype and/or diplotype variables can be considered as an alternative way to study the SNPs. In conclusion, the present study supports the association between P2X 7 and TNF-α and susceptibility to PTB. The frequency of diplotypes in our studied population was more specifically linked to susceptibility to PTB than haplotypes. Further prospective studies of these polymorphisms particularly haplotypes and diplotypes are warranted to identify people who are at high risk of developing TB.
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